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(54) CnOCOB OEPEPAEOTKH OKHCJIEHHblX HHKEJlb-KOEAJlbTOBblX PYfl 



(57) 

M3o6peTeHne othocmtch k i^sen-ioCi 
MeTa/inyprnH n MO>KeT 6biTb ncnonb30BaHO npn 
nepepa6oTKe OKucneHHbix HHKenb-Ko6anbTOBbix 
pyA n npoflyicroB ux o6orameHkia. B 
npeAno>KeHHOM cnoco6e, BKntonaioineM 
ruApocy/ibc^nAMpoBaHne u n3BneMeHne 
<£.noTannetf nonyMeHHux cynbc{)HAOB MeTannos, 
comacHo M3o6peTeHUK) pyAy nepeA 



rnApocynbct)MAnpoBaHneM cnexaioT c 
BOCCTaHOBHTeneM, no/iyMeHHbift cneK 
noABepraioT MOKpoMy MSMenbHeHnio a 
npucyrcTBMH 3neivieHTapHOfl cepbi h cynbcfcuTa 
HaTpnw m HanpaB/intoT nonyMeHHyKD nynbny Ha 
rnApocynb4)kiAnpoBaHne b aBTOKnaB. 
OGecnenHBaeTCfl BucoKoe MSB/ieMeHne i^seTHbix 
weTannoB m rny6oKoe oTAe/ieHne m ot ace/iesa. 
4 Ta6n. 
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(54) METHOD OF PROCESSING OF OXIDIZED NICKEL-COBALT ORES 



(57) Abstract: 

FIELD: nonferrous metallurgy; applicable 
in processing of oxidized nickel-cobalt ores 
and products of their concentration. 
SUBSTANCE: method includes hydrosulfiding 
and recovery of metal sulfides produced by 
flotation. Ore prior to hydrosulfiding is 
sintered with reducer. Produced cake is 



subjected to wet sintered with reducer. 
Produced cake is subjected to wet grinding 
in presence with elementary sulfur and 
sodium sulfite, and obtained pulp is 
directed to autoclave for hydrosulfiding. 
EFFECT: provided high recovery of nonferrous 
metals and their deep separation from iron. 
2 tbl, 3 ex 
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HacTonu^ee uiaoOpereHMe othocmtch k 
oonacTM ijBeTHOft MeTannyprviM h MoaceT 6biTb 
ncnonwoBaHo npM nepepaooTKe oKMcneHHbix 
HMKejib*K06anbT0BbiX pyA m npoflyicroB mx 
o6oraiMeHHfl, a Taiwe b MepHofl MeTannyprMM 
Ana MamnTkiaai^nn reMaTHTOBbix n 
nuMaHHTOBbix pyA m nonynpoflyKTOB. 

H3BecTHbie HMKejib-Ko6anbTOBbie pyflbi 

XapaKTepM3yK)TCfl CnOXHbIM, nOCTOflHHO 
MeHfllOLL^HMCfl COCTaBOM. HwKenb B HMX 

HaxoAHTcw win B 4)opMe cbo6oahom okh cm, nnn 
n30MepHo aaMeinaeT xe/ie30 b pyAax 
naTepMTHoro Tuna, unvi n30MepHO 3aMemaeT 
MarHMfl B pyflax cnnnicaTHoro Tuna. 8 o6enx 
Tnnax pyA Ko6anbT npMypOMeH, b ochobhom, k 
coeflUHeHMAM MapraHua. 

Cnoco6oB nepepaGoTKn OKMcneHHbix 
HHKenb-K06a/ibTOBbix pyA M3BecTHo MHoro. Bee 
ohh no cyTn cboahtch k OTbictcaHMio ycnoBki^ n 
npneMOB pa3pyiueHHfl cnowHbix MMHepanbHbix 
oopasoBaHMtf, BKruoMawu^nx b ce6« HMKenb, c 
nepeBOflOM HMKena b CBo6oAHoe cf)a30Boe 
cocTOAHne nnn b aneMeHTapHoe, kinki 
cynbc^nAHoe, mjim BOAOpacTBopuMoe. 

B npaKTMKe Hanoonee nacTo ncno/ib3yeTcw 
MeroA nepepacoTKM, ocHOBaHHbitf Ha 
cyjibcf>MAnpoBaHHki HMKena m Ko6anbTa 
oneMeHTapHofl cepofl, nnpnTOM nnn n/incoM. 
LUnxTa nepennaBJifleTca Ha urreMH, nrreMH 
nepeAyBaeTc« Ha ct)anHWTewH [1], no 
npnseAeHHof^ TexHonornn nepepa6aTbiBaiOT 
oKMcneHHbie HMKenb-Ko6anbroBbie pyAbi 
HMKeneBbie KOM6uHaTbi OpcKa n B-ycfcanefl, a 
TaioKe MHorne npeAnpMHTMfl Aantnero 
3apy6e»<bfl. flpyrne npeAnpn^Tufl (KaHaAbi, 
CUJA h t.a ) npeAnoHMTaK>T BoccTaHOBMTenbHyio 
nnaBKy Ha cf)eppoHHKenb. Ppa npeAnpn^Tnti 
(oco6eHHo flnoHMfl) ncno/ib3yiOT MeTOA 
BoccTaHOBHTenbHoro cneKaHnfl c BbiAeneHueM 
BoccTaHoaneHHbix >Kene3a, HMKenfl, Ko6anbTa M3 
ocTbiBiiiePi cneneHHO^ Maccbi nocne ee 
n3MenbMeHHfl MamnTHOM cenapanweM. 

B npaKTMKe lunpoKO ncno^b3yercfl Taiwe 
MeTOA rwApoMeTannyprnMecKo^ nepepaooTKM 
npflMoro nsBJieMeHMw us pyA HuxeriH n Ko6a/ibTa 

aMMMaHH0-Kap60HaTHblM HUM CepHOKMCnOTHbIM 

Bbii^enaMMBaHMeM (saBOAb) Kyobi, AscTpanMM, 
HoboA KaneAOHMM m t. a ). ABCTpanMflcKMe 
yneHbie npeAnoKwiM BoccraHaBJWBaTb HMKenb 
nppMotf pa3BapKoA OKMcneHHbix pyA b KHnnmew 
mwi^epHHe. MeTOA He Hatuen npMMeHeHMH M3-3a 
npe3MepHO oonbworo pacxoAa AoporocToainero 
rnMMepnHa [2, 3]. 

MsBecTeH cnoco6 cynb0HAMDOBaHMfl HMKena 
m Ko6anbTa SAeMeHTbapnofl cepofl npM 
TeMnepaType 230-240°C, pH 4,6 b boas npM 
pacxoAe cepw 0,15-0,20 t Ha TOHHy pyAbi, a 
o6pa30BaBUJnecfl cy/ibcf)HAbi b pyAe OKMCJi^Tb 
ceneKTMBHO [4, 5] 

3a npoTOTnn n pa hat cnoco6 nepepa6oTKM 
OKMcneHHbtx HMKe/ib-Ko6anbTOBbix pyA, 

BK/lKDMaJOlAMM f~V1 APOCy/lbC^M AM pO B3 H Me M 

M3B/ieneHMe cfnoTai^Mefi nonyMeHHbix 
cy/ibCt>MAOB [6], 

Bee M3BecTHbie cnoco6bi, b tom MMcne m 
npoTOTMn, MMeioT pwA cepbe3Hbix HeAOdaTKOB, 

maBHblMH M3 KOTOpblX ABJIfltOTCfl: 
MHOrOCTaAMaJIbHOCTb pa3Ae/lHTe/lbHblX 

npoi^eccoB, BbicoKan aHepro- m 
peareHToeMKocTb, npoTeKaHne 
BoccTaHOBMTenbHbfx npoi^eccoB npM bwcormx 

TeMnepaTypax (3HaHMTe/ibH0 Bbiiue 1000°C), a 
rMApocyn b0M am poaa h ma cbipoPi pyAbi npM 

TewnepaType 230-240°C, o6ycnaBfiMBaK5iAeft 
AaBneHMe b aBToxnaBe 6onee 20 btm. 
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HacToamee TexHMMecKoe peujeHMe 
no3Bon«eT AocTMMb BbicoKoro M3aneMeHM*i 
L^aeTHbJx MeTannoB c rnyooKMM oTAeneHMeM mx 
ot >Kene3a npocTbJMM m AeujeBUMM MeTOAaMM. 
Cyrb peaieHMJi coctomt b tom, mto pyAa 
noABepraercR 

BOCCTaHOBMTenbHO-MarHeTM3MpyK)LMeMy 

cneKaHMK) npM TeMnepaType 900-1 000°C c 
pacxoAOM BoccTa hob m Ten s (MonoToro 
KaMeHHoro ymn) b npeAene 1,5-2% ot eeca 
nepepa6aTbiBaeMoPi pyAbi, cneK M3MenbMaeTC« 
AO KpyriHOCTM 100% MMHyc 0,1 mm c 
OAHOBpeMeHHO^ noAaMeM b Me/ibHMuy 
3/ieMeHTapHoft cepw M3 pacMSTa 0,6-0,8 Kr Ha 1 
Kr MSB/iexaeMbix MeTarmoB m cyxib^MTa HaTpM« 
(Na2S03> M3 pacHera KOHt^eHTpai^MM b xmako^ 
0a3e ot 5 ao 10 r/n. nynbna c MenbHMi^w npM 
T:>K=1 :1 ,5-2,5 noABepraeTca 
rMApocyn bc|) m am po Ba h m k) npM TeMnepaType 
140-160°C b TeneHMe 40-60 MMHyT, 
ox^a>KAaeTCfl m cjD/ioTMpyeTcw c 
Mcnonb30BaHMeM b KanecTBe ocHOBHbix 
peareHTOB 6yTMnKcaHToreHaTa KanMfl, 
AM4>eHM/iTMOKap6o3MAa m cocHOBoro Macna. B 
neHHbift npoAyicr M3BneKaK)Tcyi Ha 94-97% 
HMKenb, Kooa/ibT, MeAb m i^mhk c 
He3H3HMTenbHbiM yBJieneHMeM wenesa m nycTOi^ 
nopoAbi. 

KOJlXieKTMBHbl^ KOHI^eHTpaT MO)KeT 6bITb 

nepepa60TaH nio6biM ms MSBecTHbix m 
ocBoeHHbix npaKTMKoK cnoco6oB, HanpMMep 
nyTeM OKMC/iMTe/ibHoro o6)KMra, 

BOCCTaHOBMTejlbHOfi HfiaBKM C OTTOHKO^ t^MHKa, 

poanMBa HMKenn b aHOAbi Ann 

3/ieKTpO/lMTMMeCKOrO pa0MHMpOBaHM«. 

TexHMHecKoe petueHMe oTpa6aTbfBanocb 
npMMeHMTe/ibHo k nepepaooTKe oKMcneHHbix 
HMKerib-Ko6aribTOBbix pyA LUanancKoro 
(AnTa^cKM^ Kpai^) MecTopo>KAeHMfl. PyAa 
WanancKoro MecTopoweHMfl AByx TMnoB: 
naTepMTHan (oxpbi) m cM/iMxaTHafl 
(cepneHTMHOBaw). EAMHaa ycpeAHeHHas npooa, 
cocTaBneHHafl nponopL^MonaiibHO 3anacaM, 
MMena cocTaB, %: 

Ni- 1,2 

S-0,01 

Si0 2 -37 

Co -0,17 
P 2 0 5 - 0,20 
AI 2 03-3,4 

Cu -0,10 
Fe 2 0 3 - 32 
MgO-6,7 
Zn - 0,91 
FeO - 0,39 
CaO - 1 ,2 

MeTOAMKa npoBeAeHMA MccneAOBaHM^ 6bi/ia 
cneAytoiMeft: HaBecxa cpeAHe^ npo6bi pyAbi, 
MSMenbHeHHofi na 100% no Knaccy MMHyc 1 mm, 
ujMXTOBa/iacb c M3Me/ibMeHHWM ymeM, 
cneKanacb npM TeMnepaType 850-1 000°C, cnex 
noABeprancfi MOKpoMy M3Me/ibMeHMK> Ha 100% 
MMHyc 0,1 mm, npM M3MenbMeHMM b nyribny 
3aAaBanacb aneMeHTapHa^ cepa M3 pacMeTa 
pacxoAa 0,6-0,8 r Ha 1 r M3aneKaeMbix 
MeTannoB m cynbc()MT HaTpMfl (Na 2 S03> AO 
KOHueHTpauMM b MMAKoft o>a3e b npeAene 5-10 
r/n. nynbna nocne M3MenbMeHMA noMemanacb b 
aBTOKnaB a/ir rMApocynb0MAMDOBaHMfl npM 

TeMnepaType 140-1 60°C. 
rnApocynb4)HAnpoBaHHbiM MaTepwan 
oxna>KAancfl, cMeujMBancn c c})noTopeareHTaMM 
m nocTynan Ha cJjnoTauMio. OnoTOKOHi^eHTpaT m 
xBOCTbi aHann3npoBanncb. 
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ripuwep 1 

IfoyManacb cieneHb MeTa/uiM3aunn HHKe/in n 
Ko6anbTd b aaBucuMOCTn ot TewnepaTypw 
cneKSHUfl, pacxoaa BOCCTaHOBHTe/m m cieneHu 

H3Me/lbMeHMR pyAbl M BOCCTaHOBMTejlfl. 

Pe3ynbTarbi onbiTOB npeACTaBneHbi b ra6n. 1. 
ycTaHOBJieHO, mo BbicoKaw CTeneHb 
MeTannnaauMM HHKerm h Ko6anbTa m 
MarHeTnaai^nM >xefle3a AociwaeTCfl b 

HHTepBa/ie TeMnepaTyp 900-1000°C npn 
pacxoAe BoccTaHOBHTena (KaMeHHoro ymn 
KyaHeLjKoR rpynnbi MecTopojKAeHHtf) b npe^ene 
1,5-2% ot seca pyAbJ. Bpewn cneicaHHfl 40 mmh. 

npHMBp 2 

ItoyMaxiocb B/iMflHue npoAonjKMTe/ibHOCTH 
rnApocyrib<})MAnpOBaHMfl, TeMnepaTypw, 
KpynHOCTM noMona cneKa, pacxoAa 
9/ieM6HTapHOki cepb) \a koh i\& h t pa \\\a h cynbc^ma 
HaTpwa b pacTBope Ha M3BxieHeHne HMKena, 

KOOa/lbTa, MB AH W IJHHKa BO (JtflOTOLJHOHHblfi 

KOHi^eHTpaT. Flpw c})noTai4nn ncnonb30Banncb 

peareHTbt: cocHosoe Macno, oyTvviKcaHToreHaT 

Ka/iMfl (b npeAene 0,1 r/T) h 

An4)eHMnTMOKap6a3MA (b npeAene 0,13 r/T). 
npouecc rviAPOcynbcfcwAHpoBaHkiH 

onucbiBaeTcs peaKL^HMH, BbipaweHHbiMu 
ypaBHeHHew (1) - cynbcfMAMpoBaHwa 
3/ieMeHTapHbJX MeTannos, ypaBHeHMHMM (2 h 3) 
- cynb$HAupoBaHMfl ocTaBiUMxcn He 
BOCCTaHoaneHHbiMM cunwraTa h c£eppnTa 

HWC6JWI 

Ni+S+Na 2 S03+H20=NiS+Na2S04+H2S0 3 +H 
2 S(1) 

NiSi0 3 +4S+Na2S03+3H20=NiS+Na 2 S04 
+Si0 2 +H 2 S0 3 +H 2 S (2) 

3NiO.Fe 2 0 3 +4H 2 S=3NiS+2Fe 3 0 4 +S+H 2 0 

(3) 

Pe3ynbTaTbi onbiTOB npeACTaBneHbi b Ta6n. 
2 m 3. 

npuiMep 3 

l/l3no>KeHbi pesyribTaTbi GanaHCOBbix onbiTOB 
(cpeAHne AaHHbie M3 Tpex naparinennw) no 
TexHonornMecKHM onepauHBM nepepaboTxu 
pyAbi npH onTMManbHbix napaivieTpax mx 
BeAeHHw: noMO/i pyAbi 100% MMHyc 0,5 mm, 
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pacxoA BOCCTaHOBMTenfl (KysHeijKvifl yronb) 2% 
ot Beca pyAbi, TeMnepaTypa cneKaHHfl 
900-1000 oq B pe M q 40 MMHyT, noMO/i cneKa 
100% MHHyc 0.1 mm, pacxoA cepw 0,8 kt Ha 1 
kt M3B/ieKaeMwx MeTan/iOB, KOHijeHTpaijwfl 
° cynb0MTa naipm b pacTBope 10 rAn, 
TeMnepaTypa rviApocynb4)UAHpoBaHua 140 °C, 

npOAOn>KV1Te/lbHOCTb 40 MHH. 

PesynbTaTbi 6anaHC0Bbix onuTOB 
npeACTaBneHbi b Ta6n. 4. 
10 nepeA BOccTaHOBMTeAbHoft ruiaBKotf orapKa 
us nocneAHero npeABapMTenbHo oTroHn/icw 
14HHK npw TeMnepaType b npeAene 3aMepoB 
1150-1250°C. 

HCTOHHMKM HH^OpMaUMM 

1. B. H. Cmmphob, A.A. UeflAJiep, H.O. 
XyA«KOB, A. VI. Thxohob. MeTannyprvm MeAH, 
HHKenfl h Ko6a/ibTa. M.: MeTannyprwfl, 1966 r., 
404 c. 

2. H. H. CeBpiOKOB, 5.A. Ky3bMMH, E.B. 
MejiMtueB. 06mafl MeTannypn/iH. M.: 
MeTannyprwfl, 1976 r., 568 c. 

3. MeTa/inyprMfl MeAH HUKenfl h KooanbTa. 
C6. TpyAOB Me)KAyHapoAHOM KOH(|>epeHt4HM, peA. 
A.A. UefiAJiep, M.: MeTannyprnfl, 1965 r., 500 c. 

4. M. <t>. XyAflKOB, A.M. Tmxohob, B.H. 
flees, C.C. HaflooMeHKo. MeTannyprvm Hwcena m 

25 KOOanbTa. M.: MeTannypma, 1977 r., 264 c. 

5. Jl.H. riMMeHOB, B.H. MkixatinoB 
nepepaooTKa OKHcneHHbix HHKeneBbix pyA-, M. : 
MeTannyprMfl, 1972 r., 336 c. c mji. 

6. US 4511540, KTi. C 22 B 3/00, ony6n. 
16.04.1985. 

OopMyna M3o6peTeHMfl: 

Cnoco6 nepepa6oTKH oxncneHHbix 
HHKenb-Ko6a/ibTOBbix pyA, BK/uoHa»ou4H^ 
rnApocy-nbcpnAnpoBaHne m M3aneMeHne 
cfenoTaiiwefl nonyHeHHWx cy/ibcf)HApB MeTannos, 
OTJiHMaioiAki^cfl TeM, mto pyAy nepeA 
ruApocyn bcjDH ah po Ba h n e m cneKatoT c 
BOccTaHOBMTeneM, nonyneHHbi^ cneK 
noABepraiOT MOKpoMy nsMenbHeHwo b 
npkicyTCTBHH aneMeHTapHO^ cepw m cynb<$>MTa 
HaTpn« h HanpaBJinfOT noJiyneHHyK) ny/ibny Ha 
40 rnApocynh4)MAnpoBaHne b aBTexnaB. 
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T a 6 n m 14 a 1 



TeMnepaTypa 


Pacxofl ymn, 


riOMOXl, 


CTeneHb MeTajuiM33MHM, % 


CpeflHHR MameTMaaqMS 


°C cneKaHMfl 


% ot Beca pyflbi 


MM 




Ko6a/ibTa 


we/ieaa, % 






2 


63 


51 






1 


1 


72 


57 


84 






0,5 


91 


64 








2 


67 


55 




800 


1.5 


1 


75 


61 


87 






0.5 


92 


67 








2 


68 


59 






2,0 


1 


73 


71 


89 






0,5 


92 


77 




900 


1.5 


1 


84 


74 


90 






0,5 


89 


79 






2.0 


1 


91 


89 


89 






0,5 


95 


91 




1000 


1.5 


1 


92 


89 


90 






0,5 


97 


92 






2.0 


1 


95 


91 


91 






0,5 
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94 
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T a 6 n m q a 2 



noKa3aTenn npoqecca rMflpocynb0M^npOBaHi4«. 
KOHi^eHTpaqMfl cynbtpMTa HaTpn« b pacTBOpe - 10 r/n. 
PacxoA 3/ieMeHTapHOM cepw 0,8 Kr Ha 1 Kr M3BneKaeMbix MeTa/inoB 
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ro 
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CD 



t°c 


T, MMH 


noMon, 


H3BneMeHne b KomjeHjpaT, % 






MM 
















HMKe/lb 


Ko6ajibT 




qeiHK 






0,250 


36 


33 


41 


36 
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0,125 


41 


39 


44 


41 






0,075 


46 


43 


48 


45 






0,250 


38 


31 


39 


35 


95 


40 


0,125 


41 


42 


41 


43 






0,075 


45 


45 


47 


47 






0,250 


37 


35 


39 


34 




60 


0,125 


42 


44 


45 


41 






0,075 


46 


44 


47 


45 






0,250 


53 


51 


51 
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0,125 


58 


58 


59 


43 
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0,075 


63 


62 


62 


52 
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54 


55 


59 


41 
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